Kombucha is a traditional beverage obtained by fermenting sweetened black tea with tea fungus, which represents a consortium of acetic acid bacteria and yeasts. Also, CoffeeBerry ® products, derived from the whole fruit of the coffee plant, are valuable ingredients with nutritional and health-enhancing potential. Samples of fermentation broths enriched with CoffeeBerry ® extract and traditional Kombucha were analysed. The fermentation was performed in a bioreactor at 28±1 °C for nine days. The results showed that the CoffeeBerry ® extract contributed to a faster fermentation of cultivation medium. Some individual polyphenolic compounds and catehins in fermentation broth samples were identified and quantified by high performance liquid chromatography (HPLC). Among the bioactive compounds present in investigated samples obtained during Kombucha fermentation of the sweetened black tea enriched with CoffeeBerry ® extract, chlorogenic acid (188.94-458.56 μg/mL) was the predominant. The antioxidant activity of investigated samples was tested by measuring their ability to scavenge DPPH and reactive hydroxyl radicals by electron spin resonance (ESR) spectroscopy. The scavenging activities on DPPH and hydroxyl radicals were increased with the duration of fermentation. IC 50 values for Kombucha fermentation broth enriched with CoffeBerry ® , based on DPPH and hydroxyl radical scavenging activities, were in the ranges 26.33--170.13 and 11.33-102.22 μL/mL, respectively.
ally for 10-12 days at 20-28 °C [2, 3] . To obtain a pleasantly sour beverage, the fermentation should be terminated when the titratable acidity reaches 4-4.5 g/L, as confirmed by long-time consumers of Kombucha beverage [4] .
The tea fungus is a consortium of acetic acid bacteria (Acetobacter aceti, Acetobacter pasteurianus and Gluconobacter oxydans) and yeasts (Saccharomyces spp., Torulopsis spp., Pichia spp., Brettanomyces spp., Zygosaccharomyces kombuchaensis, etc.) [5] . Sucrose as carbon source in the cultivation medium is hydrolyzed by the enzyme invertase from tea fungus yeasts. The yeasts ferment glucose and fructose to ethanol, which is then oxidized by acetic acid bacteria to acetic acid. This is the main metabolic path of Kombucha fermentation, and acetic acid, ethanol and gluconic acid are the main tea fungus products [3] . Other components present in Kombucha beverage are sugars, ethyl gluconate, oxalic, saccharic, lactic, 5-ketogluconic acid, 2,5-ketogluconic acid, water soluble vitamins (B 1 , B 6 , B 12 and C) tea components (catehins, theaflavins, flavonols, etc.) and hydrolytic enzymes (invertase, amylase, etc.) [6] .
Sweetened black or green tea (Camellia sinensis L.) has been the traditional medium for preparing Kombucha. These teas have high levels of nitrogen sources (like purine derivatives, caffeine and theophylline), which are necessary for growth and reproduction of tea fungus cells. Although Hoffmann [7] noticed that herbal teas cannot be considered very suitable for making Kombucha due to the lack of purine derivatives, Cvetković showed that sweetened echinacea (Echinacea purpurea L.) tea or winter savory (Satureja montana L.) tea have more stimulating effects on the Kombucha fermentation than black tea, yielding a fermentation product in a shorter time and comparable with traditional beverage [4] . Also, lemon balm (Melissa officinalis L.) tea can be successfully used as a nitrogen source for Kombucha fermentation [8] . All of these herbs possess many bioactive compounds, provide the desired antioxidant status and prevent diseases that occur as a result of oxidative stress [9, 10] . These functional plants can be successfully used in combination with black or green tea as the medium for Kombucha fermentation, yielding a beverage of significant antioxidant and antimicrobial properties.
CoffeeBerry ® products are derived from the whole fruit and include ground whole powder, a water extract, and more recently developed water-ethanol extract [11] . Namely, the fruit of the coffee plant, Coffea arabica, has high phenolic antioxidant and phytonutrient contents and could be a beneficial food ingredient. This fruit has long been recognized as having inherent nutritional and health-enhancing potential including antioxidant capacity, immunomodulation, and perhaps tumor suppression [11] . The CoffeeBerry ® technology has created a range of nonroasted whole coffee fruit-based food and nutritonal ingredient products that can deliver high levels of coffee phenolic acids, monosaccharides, and other coffee nutrients. The CoffeeBerry ® , as a source of caffeine and polyphenols, can contribute to the beneficial effects of Kombucha and justifies its classification as a functional beverage.
The aim of this study was to investigate the contribution of CoffeeBerry ® extract as functional supplement on Kombucha fermentation and antioxidant activities of beverage. Changes of pH, titratable acidity (TA), total count of yeasts and acetic acid bacteria, content of polyphenols compounds during fermentation of sweetened black tea enriched with CoffeeBerry ® extract were determined. Antioxidant activities of broth samples against hydroxyl and DPPH radicals during Kombucha fermentation were also tested. Kombucha obtained from traditional medium (sweetened black tea) under the same fermentation conditions, served as the control.
EXPERIMENTAL

Chemicals
Standards compounds used for HPLC analysys were of analytical grade and purchased from Sigma--Aldrich Chemical Company (Sigma Co., St. Louis, MO, USA). HPLC-grade solvents (methanol, formic acid and acetonitrile) were purchased from J.T. Baker (Deventer, Netherlands). All standard and solutions were prepared with p.a. chemicals and 18 MΩ redistilled and deionised water (Millipore, Bedford, MA, USA). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and 5,5--dimethyl-1-pyroline-N-oxide (DMPO), were purchased from Sigma Chemical Co. (St. Louis, MO, USA). These chemicals were reagent of analytical grade. Other chemicals and solvents used in determination of antioxidant activity were of the highest analytical grade and obtained from "Zorka" (Šabac, Serbia).
Tea fungus
Fermentation was performed using the local tea fungus culture, for which previous investigations showed that it contained at least five yeast strains (Saccharomycodes ludwigii, Saccharomyces cerevisiae, Saccharomyces bisporus, Torulopsis sp. and Zygosaccharomyces sp.) [12] and two strains of ace-tic acid bacteria: Gluconobacter oxydans (also known as Acetobacter hansenii) and Gluconacetobacter hansenii [13] .
CoffeeBerry
® extract CoffeeBerry ® extract which was used in this study was produced by VDF FutureCeuticals Inc. (Momence, IL, USA) and supplied by Fructus (Bačka Palanka, Serbia). Characteristics of extract deffined by product specification were: tan/brown powder, total phenolic acids 20% minimum, caffeine 1.0-1.5%, ORAC (oxygen radical absorption capacity) 2500 µmol TE/g average.
Fermentation conditions
The substrate for tea fungus cultivation was prepared by adding 70 g of sucrose in 1 L of boiled tap water. To the boiled water, 3 g/L of black tea (Fructus, Bačka Palanka, Serbia) and 1.5 g/L of CoffeeBerry ® extract were added. After cooling to room temperature, the medium was inoculated with 10 vol.% of the fermentation broth from the previous fermentation which was performed on sweetened black tea as cultivation medium. Bioreactors made of glass (volume 0.72 L, diameter 80 mm) were filled in with 0.33 L of inoculated liquid phase. The bioreactors were covered with cheesecloth, and the fermentation at 28±1 °C was monitored for nine days. Control sample was traditional Kombucha prepared as described above without the addition of CoffeeBerry ® extract.
Sampling
Sampling of fermentation broth was performed under aseptic conditions at the beginning of fermentation and during nine days of fermentation. Each bioreactor was sampled only once in order to avoid contamination. Two groups of samples were prepared: the first group consisted of samples obtained during traditional Kombucha fermentation (TK) and marked as: T -sweetened black tea; TK0 -sweetened black tea after inoculation (0 day of fermentation); TK2 -fermentation broth after 2 days of fermentation; TK4 -fermentation broth after 4 days of fermentation; TK6 -fermentation broth after 6 days of fermentation; TK8 -fermentation broth after 8 days of fermentation; TK9 -fermentation broth after 9 days of fermentation. The second group consisted of samples obtained during Kombucha fermentation of the sweetened black tea enriched with CoffeeBerry ® extract: TCBsweetened black tea+CoffeeBerry ® extract; CBK0 -sweetened black tea+CoffeeBerry ® extract after inoculation (0 day of fermentation); CBK2 -fermentation broth after 2 days of fermentation; CBK4 -fermentation broth after 4 days of fermentation; CBK6 -fermentation broth after 6 days of fermentation; CBK8 -fermentation broth after 8 days of fermentation; CBK9 -fermentation broth after 9 day of fermentation.
Samples for the determination of total polyphenols, HPLC analyses and antioxidant tests, were filtered through a sterile microfilter (0.22 µm) to remove the cells.
Determination of pH and titratable acidity (TA)
The pH values were measured using an electronic pH meter (HI 9321, Hanna Instruments, USA) calibrated at pH 4.0 and 7.0. The TA was determined according to Jacobson [14] . After removing CO 2 from the fermentation broth, a 20-mL aliquot was taken and titrated with 0.1 mol/L NaOH. The TA was expressed in grams of acetic acid per liter of the sample.
Microbiological analysis
Total count of yeasts and acetic acid bacteria in the fermentation broth were determined by plate counting method [3, 15] . For yeasts, the medium was Sabouraud-4% Maltose Agar (Merck, Darmstadt, Germany) with addition of 50 mg/L of chloramphenicol (Sigma-Aldrich, St. Louis, CA, USA). The plates were incubated for 72 h at 28 °C. The medium for determining total count of acetic acid bacteria was Yeast Peptone Mannitol Agar (Difco, Detroit, MI, USA), containing 500 mg/L cycloheximide (actidione; Sigma--Aldrich, St. Louis, CA, USA) to inhibit yeasts growth. The incubation at 28 °C lasted 5-7 days.
Determination of total polyphenol compounds (Tph) Content of total polyphenol compounds was determined spectrophotometrically according to Folin--Ciocalteu colorimetric method [16] and expressed as mg/mL of chlorogenic acid equivalent (CAE) for all investigated samples.
HPLC analysis of the polyphenol compounds
Quantification of individual phenolic compounds was done by reversed phase HPLC analysis using modified, previously reported method [17] . Samples were injected in a Waters HPLC system consisted of 1525 binary pumps, thermostat and a 717+ autosampler connected to the Waters 2996 diode array and an EMD 1000 single quadropole detector with ESI probe (Waters, Milford, MA, USA). Separation of polyphenols was performed on a Symmetry C-18 RP column whose dimensions are 125 mm×4 mm size with 5 µm particle diameter (Waters, Milford, MA, USA) connected to the appropriate guard column. Two mobile phases, A (0.1% formic acid) and B (acetonitrile) were used at flow rate of 1 mL/min with the following gradient profile: the first 20 min from 10 to 22% B; next 20 min of linear rise up to 40% B, followed by 5 min reverse to 10% B and additional 5 min of equilibration time. A post column flow splitter (ASI, Richmond, CA, USA) with 5/1 split ratio was used to obtain optimal mobile phase inflow for ESI probe. Chromatograms were gathered in 3D mode with extracted signals at specific wavelengths for different compounds (367, 326, 309 and 240 nm). Resolving of overlapping caffeine/chlorogenic acid peaks was done by LC/MS analysis. Signals for caffeine (m/z 195) and chlorogenic acid (m/z 355) were detected in positive ESI single ion recording mode with following parameters: capillary voltage 3.0 kV, cone voltage 25 V, extractor and RF lens voltages were 3.0 and 0.3 V, respectively. Source and desolvation temperatures were 120 and 380 °C, respectively, with N 2 gas flow of 450 L/h. Detected compounds were qualitatively analyzed through comparison of literature data for their retention times as well as characteristic UV and MS spectra with ones recorded from our samples. Individual components were analyzed quantitatively by the external standard method using pure standard compounds as references for concentration, retention time and characteristic UV/MS spectra, respectively. The data acquisition and spectral evaluation for peak confirmation were carried out by the Waters Empower 2 Software (Waters, Milford, USA).
Determination of antioxidant activity DPPH radical assay. A blank probe was obtained by mixing 0.2 mL of distilled water and 0.4 mL of 0.4 mM methanol solution of DPPH
• . The effect of fermentation broth or tea on DPPH
• was studied in the concentration range 20-300 µL/mL. After that, the mixture was stirred for 2 min and transferred to an ER-160FT quartz flat cell. The ESR spectra were recorded on an ESR spectrometer (model 300E, Bruker, Rheinstetten, Germany) under the following conditions: field modulation 100 kHz, modulation amplitude 0.256 G, time constant 40.96 ms, conversion time 335.544 ms, center field 3440.00 G, sweep width 100.00 G, x-band frequency 9.45 GHz, power 7.96 mW, temperature 23 °C. The scavenging activity (SA) value of investigated fermentation broth samples for DPPH
• was defined as:
where h o and h x are the heights of the second peak in the ESR spectrum of DPPH radicals of the blank and the probe, respectively [13] .
Hydroxyl radical scavenging activity. Hydroxyl radicals were obtained by the Fenton reaction and detected by spin trapping in a system consisting of: (1), where h 0 and h x are the hights of the second peak in the ESR spectrum of DMPO/
• OH spin adduct of the blank and the probe, respectively [13] .
Antioxidant activities of investigated samples against both, DPPH and OH radicals are expressed as IC 50 values. The IC 50 value, defined as the concentration of extract required for 50% scavenging of DPPH and hydroxyl radicals under experimental condition employed, is a parameter widely used to measure the free radical scavenging activity. The sample concentration providing 50% of SA (IC 50 ) was calculated from the graphic of SA (%) against extract concentration (mg/mL).
Statistical analyses
All experiments were performed in duplicate (two independent series of Kombucha fermentation were performed), under the same conditions, while each quantity was measured three times and the results were expressed as means±SD. Statistical analyses were done by using Origin 7.0 SRO software package (OriginLab Corporation, Northampton, MA, USA, 1991-2002) and Microsoft Office Excel 2003 software. The significance of differences was calculated by ANOVA test and then by least significant difference (LSD) test (p < 0.05), unless noted otherwise.
RESULTS AND DISCUSSION
Values of pH, TA and total count of yeasts and acetic acid bacteria
The changes of the basic parameters of fermentation broth during Kombucha fermentations are presented in Figure 1 .
The decrease of pH values (Figure 1 ) follows the increase in acidity due to the Kombucha ferment-ations. These changes are result of metabolic activity of tea fungus yeasts and acetic acid bacteria that produce mainly acetic acid. The pH values of sweetened T and TCB were 6.60 and 6.80, respectively. It dropped after the inoculation with the fermentation broth from previously Kombucha fermentation. In first four days of fermentation the pH decreased by about 1.5 unit and in next five days decreasing was less than 0.2 units. Changes in pH during tea fungus fermentation were similar for both medium (Figure 1a) . The TA of sweetened T and TCB was 0.09 g/L TK and 0.05 g/L CBK, respectively, and increased constantly from the beginning till the end of the fermentation process for both medium (Figure 1a) . The TA in broth with CoffeeBerry ® extract during fermentation, on average, was in range from 1.18-1.69 g/L higher compared to that in traditional Kombucha. Values of TA of the investigated cultivation medium were significantly different (p < 0.05). The incompatible changes in the pH and TA could be explained by the buffer capacity of the fermentation broth. Namely, during the fermentation, carbon dioxide is released, and the obtained water solution of CO 2 dissociates and produces the amphiprotic hydrocarbonate anion (HCO 3   - ). This anion easily reacts with hydrogen ions from the present organic acids in the fermentation broth, preventing further changes in the pH, thus contributing to the buffer character of the system [15] . This trend for the changes of pH and TA is typical for Kombucha fermentation and it was also observed by some other authors who used similar cultivation conditions [18, 19] . In view of the above, TA should be used as a critical parameter which determines the end of Kombucha fermentation instead of the pH.
The total number of yeasts and acetic acid bacteria as a function of fermentation time is presented in Figure 1b . The starting number of yeasts in both medium was at a level of 5log CFU/mL. During first 48 h of process count of yeasts was increased for 0.9 (CBK) and 0.59 (TK) unit. At the same time, total count of acetic acid bacteria was decreased for 0.1 (CBK) and 0.41log CFU/mL (TK) from initial values of 6.63 (CBK) and 6.9log CFU/mL (TK). By the end of the process, the total number of yeasts and acetic acid bacteria in fermentation mediums were uniform until the end of process reached the values of about 6.8log CFU/mL. The changes in the total count of yeasts and acetic acid bacteria during fermentations are comparable with previous investigations. During Kombucha fermentation the viable population of yeasts followed a standard growth curve pattern, in which yeasts grew exponentially for up to 8-10 days, dying off as nutrients became limiting and the pH decreased [20] . Count of individual yeast species in fermentation broth was 4log units at the beginning of process and reached maximum value of 7log units [20] . On the other hand, the number of acetic acid bacteria during Kombucha fermentation increased rapidly through 4 days of fermentation (from 4log units at start of fermentation to more than 7log units after 4 days), declined drastically by 6 days of fermentation, and thereafter continued to decrease [18] . However, the differences in the total number of tea fungus cells in fermentation liquid can be explained by the differences in the applied Kombucha cultures, inoculums (fermentation broth or pellicle wherein the cells are immobilized), as well as in the sampling procedure.
Content of polyphenol compounds and HPLC analysis
During the fermentation, fermentation broth samples were taken for the determination of total polyphenol compounds and individual polyphenols. The Folin-Cioacalteu method is a rapid and widely--used assay to investigate the total polyphenols. This method is based on reducing power of hydroxyl groups, but it is known that different polyphenol compounds have different responses to the Folin-Cioacalteu reagent [16] . The contents of total polyphenol compounds are expressed as mg of chlorogenic acid equivalent (CAE) per mL of investigated samples and varied depending on the duration of the fermentation and type of the fermentation medium (Figure 2 ). The content of total polyphenol compounds varied from 0.309-0.519 mg CAE/mL in all TK samples and 1.037-1.139 mg CAE/mL in all CBK samples, depending on the duration of fermentation. Comparing the obtained results, in all samples enriched with CoffeeBerry ® extract the content of total polyphenols was higher. Only minor differences in content values were found between the individual samples in the groups.
Major polyphenols present in investigated samples were identified and quantified by HPLC analysis. Catehins (Table 1) were identified in all TK and all CBK samples. The high content of catehin and epicatehin were obtained in all investigated samples. Based on the obtained results, it can be concluded that the contents of catehins, especially epicatehin, in CBK samples is higher (with the exception of epigallocatehin gallate).
The catechin profile in tea has been found to differ depending on the method of tea preparation. The concentration of thermal isomers reaches significant levels, and, as such, the physiological function of these isomers is also of interest. Therefore, catechins and their active metabolites may act at different sites and so contain diverse actions, which will subsequently increase the versatility of catechins as potential therapeutic interventions.
Also, TK and CBK samples are very rich with other polyphenol bioactive compounds (Table 2) .
Chu and Chen showed that the content of total polyphenol compounds increased linearly with the fermentation time [21] . Additionally, four catechins - epicatechin, epicatechin gallate, epigallocatechin and epigallocatechin gallate (as well as other complex polyphenols) -can be biotransformed by the enzymes extracted from tea fungus cells [1] . Also, catechins are released from acid-sensitive cells during Kombucha fermentation on black tea, which could be the reason for the increase in tea polyphenols content during the fermentation. On the other hand, catechins may polymerize to molecules of higher molecular weights, and thus lower the content of polyphenols [21] . This can be explained by the nonuniform changes in the polyphenols concentration during Kombucha fermentation.
Presence of polyphenols in inoculum can be the reason for the increase of some polyphenols in samples TK0 and CBK0 (compared with T and TCB). On the other hand, decrease in polyphenols content in samples TK0 and CBK0 can be explained by the influence by the enzymes originated from inoculum.
Caffeine, epigallocatechin gallate, and epigallocatechin are mentioned as the main compounds in black tea methanolic extracts [22] . Caffeine is the main polyphenol component in black tea infusion, followed by gallic acid, 5-galloylquinic acid, 4-p-coumaroylquinic acid, some flavonols, etc. [23] . Certain differences in tea and extract composition are exp-ected and influenced by a number of factors such as species, season, age of the leaves, climate, and horticultural conditions [22] .
It should be noted that caffeic, ferulic, neochlorogenic and cryptochlorogenic acid were detected at relatively high levels only in fermentation broth samples enriched with CoffeeBerry ® extract. Also, in these samples during 9-days of Kombucha fermentation, chlorogenic acid was detected at relatively high levels (188.94-458.56 μg/mL). Green coffee beans contain important amounts of chlorogenic acid (CAE), accounting for up to 10% of the weight of green coffee [24] . Chlorogenic acid, which is an ester of caffeic acid and quinic acid (5-O-caffeoylquinic acid), is one of the main hydroxycinnamates found in CoffeeBerry ® extract. Coffee brew, a complex mixture of more than a thousand bioactive compounds, is known to exhibit distinct antioxidant activity [25] . The original coffee constituents chlorogenic acids, e.g., the quantitatively most relevant caffeoylquinic acids (CQAs), and their polyphenol degradation products, e.g. caffeic acid (CA), have been found to exhibit distinct radical scavenging activity in vitro [26] . Chlorogenic acid and caffeic acid, originated from CoffeeBerry ® extract, are components of samples CBK0-CBK9.
The content of total polyphenol compounds were higher than the sum of all the individual polyphenols identified using HPLC (Tables 1 and 2 ). This difference can be explained by the fact that the FolinCiocalteau method is not an absolute measurement of the amount of polyphenols because some other substances such as organic acids, residual sugars, amino acids, proteins and other hydrophilic compounds interfere with this assay [16] .
Antioxidant activity
The free radical scavenging activity of samples obtained during traditional Kombucha fermentation and Kombucha fermentation of sweetened black tea with CoffeeBerry ® extract was evaluated on two different free radical species: 2,2-diphenyl-1-picrylhydrazyl radical (DPPH • ) and hydroxyl radical using ESR spectroscopy.
Stable DPPH radicals have been used to evaluate the radical scavenging ability of the investigated samples. In all cases a typical ESR spectrum of DPPH radicals, with five lines of relative intensities 1:2:3:2:1 and hyperfine splitting constant a N = 9.03, was observed [27] . The H-transfer reactions from antioxidants, present in fermentation broth samples, to DPPH
• were monitored by recording the decay of the DPPH
• ESR signal. The SA DPPH • of different concentrations of all fermentation broth samples is presented in Figure 3 . IC 50 values for the fermentation broth samples enriched with CoffeeBerry ® , based on DPPH radical scavenging activities, were in the range 26.33-170.13 μL/mL. The scavenging activities on DPPH radical were increased with the duration of fermentation.
As hydroxyl radicals are highly reactive, with relatively short half-lives, the concentrations found in natural systems are usually inadequate for direct detection by ESR spectroscopy. Spin-trapping is a chemical reaction that provides an approach to help overcome this problem. These reactive radicals are identified because of their ability to form nitroxide adducts (stable free radicals form) from the commonly used DMPO as the spin trap. Production of hydroxyl radical was reliable and stable using the classic Fenton Fe 2+ /H 2 O 2 radical generating system, and the amounts of DMPO-OH spin adduct formed in this system were proportional with ESR signal intensity, which was measured at the second peak of the ESR curve in the spectra. In all cases a typical ESR spectrum of DMPO-OH spin adduct, with four lines of relative intensities 1:2:2:1 and hyperfine splitting constant a N = a H = 14.9 G was observed [28] .
The scavenging activities on hydroxyl radicals ( However, the changes in the IC 50 values during the fermentation are not equal to the changes in the content of polyphenol compounds. It is proposed that some tea fungus metabolites such as vitamins, organic acids, etc. contributed to the antioxidant activities of Kombucha beverages [21] . Also, the scavenging ability is determined by the key extracellular enzymes that are involved in the structural modification of the medium components during Kombucha fermentation [21] .
Reactive oxygen species, primarily highly reactive and short-lived hydroxyl radicals, have been implicated as substances leading to cell damage. On the other hand, DPPH
• is a stable free radical that has been used to test the ability of various natural extracts to transfer hydrogen atom, to reduce the Mo 6+ to Mo 5+ and to subsequently form a green phosphate [29] . However, on the sixth day, both groups of fermentation broth samples had the highest antioxidant activity. It can be suggested that some other nonpolyphenols, formed on the sixth day of fermentation contribute to the higher antioxidant activity of TK6 and CBK6.
The structure of polyphenol compounds is a key determinant of their radical scavenging and metal chelating activity, and this is referred to as structure-activity relationships. There is a wealth of literature that suggests that the potency of the catechins' free radical scavenging abilities relates directly to the chemical structure of each compound, namely, the gallate moiety esterified at the 3 position of the C ring, the catechol group (3,4-dihydroxyl groups) on the B ring and the hydroxyl groups at the 5 and 7 positions on the A ring. The galloylated catechins were more active antioxidants due to their higher phospholipid/ /water partition coefficients and so affected the properties of the phospholipid bilayers of membranes and hence increased solubilization [30] . Based on literature data, catechins which are present in the samples affect their beneficial effect on the human health and investigated samples CBK0-CBK9 might be classified as highly valuable products. The antioxidant activity of all present polyphenol compounds is due to their ability to scavenge free radicals, donate hydrogen atoms or electron, or chelate metal cations [31] . Previous structure-activity relationship studies on cinnamic acids and derivatives have pointed out the importance of o-3c,4c-dihydroxyl groups to the antiradical efficiency. In addition, it is of interest to note that caffeic acid contains the o-3c,4c-dihydroxyl groups, In addition, it is of interest to note that caffeic acid containing the o-3c,4c-dihydroxyl groups [32] .
The enhanced antioxidant potential of the CoffeeBerry ® polyphenols was probably due to increased hydrophilicity of the compounds by esterification [33] . Additionally, it is known that the total antioxidant potential of fruits, vegetables and tea and herbal infusions is more important than the level of any individual specific antioxidant constituent. Because of that, the antioxidant properties of a single compound within a group can vary remarkably, so that the same levels of polyphenols do not necessarily correspond to the same antioxidant responses [34] . The observed antioxidant activity is also due to a synergistic action of the different compounds present [35] .
The antioxidant potential of samples obtained during Kombucha fermentation of sweetened black tea enriched with CoffeeBerry ® extract are attributed to chlorogenic acid and their derivatives (Table 2) , which has strong capacity for scavenging free radicals [36, 37] . Chlorogenic and caffeic acid are antioxidants in vitro, and they inhibit the formation of mutagenic and carcinogenic N-nitroso compounds [38] . Further, chlorogenic acid can inhibit DNA damage in vitro [39] . Therefore, chlorogenic acid, the major polyphenol compound in coffee, might be involved in the inverse association between coffee consumption and colon cancer that was found by some epidemiological studies [39] .
CONCLUSION
In this study, polyphenols profile and antioxidant activities of kombucha enriched with CoffeeBerry ® extract during fermentation were analysed. The HPLC results proved the presence of polyphenols and catechins in fermentation broth samples. All samples enriched with CoffeeBerry ® possess chlorogenic acid, one of the most abundant dietary polyphenols, and showed remarkable antioxidant activities on stable DPPH and toxic OH radicals. The classification of Kombucha beverage enriched with CoffeeBerry ® extract, a source of bioactive polyphenols, as a functional beverage is justified. These findings were noteworthy because such compounds could be well adapted to the pathogenesis of diseases that are characterised by an overproduction of free radicals.
